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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
light emitting element in which a lowering in 
recombination probability of electron and hole due to 
piezoelectric effect can be suppressed without causing 
such a problem as a lowering in response or an increase 
in threshold current density. 

SOLUTION: The semiconductor light emitting element 
comprises an SQW emission layer (active layer) 1 having 
a quantum well structure including a well layer 1a and a 
barrier layer 1b wherein the band gap energy of the well 
layer 1a is varied asymmetrically to the center of the 
well layer 1a in the thickness direction so that inclination 
of band due to a piezoelectric field is suppressed. 
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vK^tv^ti #fb t a -izm&LXMf&ztitzmm 

B1 b K^f-V 'y^i:j!)<^agSlc}f$JiK$+i,rLN5(D 
T*. #FB 1 a <D > \* > K^f -V 'J y± ®SB 1b (0/^ K 
^•v £2*5? LT^ftt Z> «fc -5 ■l=»* , r*ii*l=it 
^r; »JSfttVM=#l>« "f #Pi1 afcj:!/ 

WMB 1 b ©SSJUSSB^IZ T M I ( h y > ^./U'f > 

S^^+L^/^U^^^yS^^CtOT^lrJcoT. §^ 
-5, 

[0 0 3 6] fcfcv lE^LO^aaiim^-l^lt^T^:^ 
*>-fU„ CCDfctf). exi/^l-^Sfflm^Ht^IEfl.© 

<s y £<63£f i stt&aio s owatvi <c*gjt 
i*. m ; f~iE?i(DSJ!S^«s*<D«T^iinfiii--i)(Dic5aim 

[0 0 3 7] 0 6 I*. *3£H8a>!g 1 jtJSffJsKO^ffiMMI- 

^) OTSQW^tiBOTX^/u^/N*!/ K£Sj*Lfc/*> K0 
•efc^o 07-091*. 0 6 1^1,7=351 SS£S28§0)£ 
ffSWlCJ: -SSIb^^^H* U— tf m?<D S Q WSItHir 
fclt*. t°x^»lrJ:§/\->K<DflS#^*JSL.fcli^ i 

Kit-si.. c<dsi mmmmaittmmx^t. n 



[0038] z<nm -\ n&Km<nmmiz&&mit®)?k 

¥»{*U-+F3£^<7>SQWS't±B2l*. 0 6lC*-r«fc5 
I-. I n x G a £&-5#FB 2 a £. #Flf 2 a 

(DxTlcfEa$+if= I n'y'G a i-YN*Mt)J5:-5)|gg|12 b 

[0 0 3 9] C©»'T j||ft»|gfl)aE»«"Cf*V''l n x G 
a 1-XN A 1 * t>^P5i#F)S 2 a <D I n $i)5it$-. tf l ^l 

itmx'mmmz&itz-ezztizjin:. #Fi2 a© 

I*. % 1 fefefeSaKKMa)'^' K^V -V H 6 iz 

7HirJ:5[Z. #Fll2 a (D£3i 2 c A^b^SS 2 d C-lSj^ 

or. -mamtmx'mm&izm'p-rz ttsiz: #f 
12a om.frijiSKD'pMz-tt Lxmrnttmrnbu at 

L'i-S. — W£: IT. BSIl 2 b$Ga N'tiS L.' #F 
B2 a(DSJS2 clr*JI+^ I nja)«XS7%t U 
2 d l='*jlf « I niia/&X£'2 0%t-r*ll*; CCDcfe 5S 
•T#F«Jt'*«*-t'* d i: # S „ SI 6 ici* L fc S 
QWjgttB2<Dx^;i>^/<> Kli, fcfx'»/SbJmc**e 

[0 0 4 0] 0 71*. #PI2 'a'lcil3tV-C, flVl^ 
©*A«/J^*L^«*«Lriv«. 07$#fiSLTV t'xV 

iiafiE^ s^b-r s c 1 1= <fc y ff$fiE$*tfce^«<D/\*> k© 

<S#tA<^t>$^C<t lcJ:o'r, #FB 2 a (DfeiS^CO 
KtSitl*, t°xi/^»lc*§M#*<ffli«3F*ifc«ii 

t**. la 8 i*; #Fi'2 ac/^ K^V^i*/^ 

^b^^#< Lfcffil^^LTfey ; fi4Hfa>/OK«HI 
I*. ^Fffll^jfiLv^ K«SSt>&-5. 091*. I nSfiJScS 
1b^^#< LT#F)12 a(D«aS2 d(0/^> K^A-V^ 
^*y^$<-Ti)Ci:lcJ:y. tfx K 
(D<li^J:y. K^-Vy^x^^u^lbOTTJ^**^: 
LfcflW**LTfcy. t"x^3aSI-J:4^^«D/N'> K 

[004 1] 11 Hffi^OS^Jircfe Z>mVfoJk*m 
frls—ifm+Xlt. ±IBLfc«J:5l=s #Pl2aO)A> 

k^-v-v^^. t£±vnmz£%mm®<Dx*)\,*si^ 
Krois^^jqi^-r^cfcdics^b-r-scticfcoT. ex 

#i>. C+tlcJ:y. exV$flSUJ:i,e^©S^-<D(ii 

y$«3a-r*ct^r#5<D-c. ex^aic^sm^ 
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[004 2] m i nmi&m(»mmiz&&mit®i 
m*m#;u—*fm*vte. H6ic^t,f=<i:-5i=. #fb 

2 a<7)/N*> h**git£. JfPl2 aCDcf'DIC^LT^?!); 

l=, El8l=jK-r«(:?lr. <£#^(0S^-^#Fil2 alcJ*) 
— I^tt^-fr 5 C CtllCj; y , @7 2CS 

»<t£Da&y£:*:£<:-r -set e 

[0043] £*>\ n+omtoMmitiEnizit^T^z 
i>*=jto,. a^i*iE?i .t y ex vnmz <t y ffi ulk < 

#*© « ex «*r -5 cfc a k 
[0 0 4 4] &jb\ mmmmmnmmntamo®] 

[0045] (SfS 2 ftftJBlg) gl 1 01*, *SBBJ§<Dm 2 

# U— 9=*.^) (D S OWSttftai*ik^ < > Kft* L 
fc/O K0-e&-5. &tz\ 11.1 1*, 1.1 O lcjrLfcm 

2 J: *&4bfeS¥*{fc Is— fm*<D SQW fS 

ti/ KH-et5&..-C(0*2Sllfi»tt-CI*;. #F 
t y . ex y5ami= J: -5«^Tw©jE?L0D(B.y 

[0 0 4 6] C(7)m2||]5fi^SroM^^^i*L/— tF 
^1*. 11 0lr^-rj: aiC s I n x G a l-XNA^t)^C-5 
#FJ1 3 a «t . #FJf 3 a 0>±TlrEg$^f = I n yG 
al-YNAM^&SlitiiJf 3 b <hl-J:orJK^*^fcSQ 
W314J1 3£=rT-5. 

[0 0 4 7] Z<7)m2HJS^®1?li % InxGal-xNfr 
b#6#Flf 3 a© I n*§J$£. t'XV/xfi^lCfe^Pm 
T^<D]E?L(D<8y ^Wl^r-S^aiC #pi3a(DW 

Bm<D'*is pif-wztit. mi oi=^-rj:5(-. #fh 

3 affl£^3 c^t>4"£>3B3 d |C|n]fr 
K^jgir^oTL^-So fit, #pl 3 a OT^.OgP 3 d 

■c. 't^F^wytfrnmrnzmua-tzttbiz. #f 

@3 a<D4"0SP3 dSP^f,*Siffi3 elClSjAvoT. Mlf. 

K^-V-y^l*. #FH3 a (Deleft LTlEtt^fcltiii 
irJjfoTL\^ 0 H 1 OlC^LfcSQWiSttJf 3CDX*;u 



»*I=M\ Wi H=9-fJ:54:/<^KBBlciiE-&. Hi i 
£#!8?LT, fx'/^^lc.fe.Sisa^O/O KOii^ 
#FJ§3 a<7)I n««£*<tf *-.CilcJ:y»jfc.3 

T. #PI3 aCD#m^<7)/N'>.K«jgl*, ffiWf*?© 
X*;i>^©S*St^«A<. #FJf 3 a <D**^jfi|c<4 
B-T*/>*> Kfltitfc&ft. Z*Ll=«ty, #Fi3a(Df 
S^OJiEttl*, #FH3 a(D*'DSP3 d«Jfi|C^*-r 

5o< " . "... .. „ :r " . .... 

[ o o 4 8 ] 12 S;6£J£ffi<7)g<b^ U— *fm=? 
Vlt. -±GLfeJ:3.|S. ffl«^-?ga>IEfl.7!><, #pl;3 a 

<fc y <6L,>x^;u^^*-T^#HJ1.3 a C93|,a c MifilC 
«*-*30>TK #FS3 alCfcl+^HaW^.-V 'JT^ 

[0 049] *tev ss.2HjfejKi8<D.-t©'ffe©3a*i*. m 
[0 0.5 0] S12I*, *nm<n'%2nmmm<D&i&m 

s -c fc<B„ * f= , ai 3 ri\ ^ "i - 2 ic ^ b f=m 2 sijs^ 

roH 2 *J£ff5®(D^}K^J-CI*, rtpf©/ W V -y ^ 

©^b©^(Sj 2 mmmm t iz? % c t \z & o 
r , ex vrjajm=«k «te«tta>«?a>«.ij Lfc« 
^o^«lJlc•ot^Ti5^e§-r^o m 2 mmmm(D^mm<Dt(D 

[0051] ^<D%2nm.itm<n&.rim\z&&mt®iJk 

*m&\s— fm+lt. ai 2|Z^-r«fe3lC, I n x Ga 
1-XNfrb&-i>#PH4 a <t, #FJB 4 a CD±TICfBli 
JtLfc I n yG a i-YNA^^,^^•5^^Jl4 b £\Z& -z>X& 

[0 0 5 2] C<Dm2Hi6ffi5(S(7>^ff$0iJ-<?li, In x G 
al-XN^f,)S^#Pi4 a©l n^fig^ s t°x7j5!jS 
«rJ:^fE^<©m^fl)<iy ^ffl$i|-r^J:3|-. #FJ14 
a <&*flM*ifiT-eMttl::^b£#Tl^.S„ *t*a*Ilcli, 

I". #Fil4 a<DS4g4 c A>f>4 ] 'DS|J4 d(C[S]AN-3T; 

=f <DS?4 d r% /<> k^a» -v zrtf&mmz%i'p-f% 1 1 

*>IZ^ #PI4 a(D4>.kSB4 d*\t>a4S4 elC|S]A>o 

t, SIX. ¥*§&<tig<!:£ori^.5o 

4 a<DA> K^r-V-y ^1*. #FH 4 a ©tfJiDl-W LTl^ 
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4<Dx*;u*/n-> KIC bfi'/3aSI=J:SM*> K<D<a^ 
*#*Lfc»*l=l*. 01 31::^ £?£/<> K0C:fc 
•5, H 3$#iL,t.- tfx'/aai-.feSgai^OT/^i/ 
K<D«#&.' #Pi4.a(D l ni|Sj$£^b-f SCtl::* 

J:ot. #pJi4 a(D/\*> KfllJStt, ej»^0)x^;u^ 

^ros^i*, 4 3(04:^^4 d^iaic**-rs 0 

[0 0 5 3] *2||]6£ff$ffi<D^Ct]IC«fe«g<b^|^%» 

#FH 4 a (0*ibSS4:d <t PS 
^(DiEfttcky^LVx^^^^^-f^^pgAarofe 

*4.««isi=«Mi"**are:. #pJi4 aicfcitssssM 

. 'J 7^fJ 3 C <t A<T? £ 4 i: £: ©fc w e 

i S&Bi jEftto&lfiHKft MPS* £ ■« 5ftB t 

<D-r+v^ >jn$ < -r * a ttf-e cfucj: y. v - ex y 
<t # s r\ :Jt£tt* £ A _t $ # £ «<-e * -5 . 

•[ 0:0 5 43: £ fcV- m2:i§Mfl2©C0^ffmcO*£>te<&3» 

.[0 0 5 5]: ,.(K'3.J||tM) 01-41*, ^^0)^3 

flS£fl2JSl-.fc SSfbfel^iiSttSeftfft* 

<* L/'— -S**^)' O S QW;tH£JlCDx*;Mr/0 K£;jfcL 

KS-cA^o H i 5 1*; 0 1 4ic^Lfc*3 nsfi 

»lllcJ:*M<b»*#3»(*.L!?-1f«*fl>.S'aiWSS«IJil= 

eit ■*< .e.xvrasic«fcv5v^ i?<o«*s#*Lt=*d 

Attifit-SSttl; 1* 5 c tic J: -b x .' fx ysftH 

rittBj-r§„ £3§s«fiff2fig<D-t©te<D«j*tt: ssmffi 

[0 0 5 6] C<Dm3||]5gft$ffil=J:^S<bifel^li«:U 
— tffii^iSttff 5 I*. 0 1 4IC^-r«fc5l=> I n x G 
al-XNfr&£5#PlB5 a ±u #FB 5 a <D±TlCfH 
S^^tfc I nyG ai-yNfribft&KgJf 5 b<tl::J:oT 

[0057] C<Dm3HSSff5^T*l*. I n x GaHNfr 
b§5#Pl5 aCO I nifiEf, tf X '/jc&SIc J: -50® 

^•«©iE?La)<iy $ffliu-r*j:-5ic, -feomtmxm 
mmzmtTzttuz. x-wms ao><p&ir&xmm 
*i=*«:l-ci*s. m3mmnm<D^>h' 

:?l*. 01 4|C^-T,J:-5IC > #F®5a(D£Sg5 
c^£,*<kai5 dlcifOA^T. -^05^1bmr*<g^«lc 
ifiin-r-5, -f-LT. #P®5 a(D*'OSi5 5 dt. /OK 
^r-W ^liSMttlCliJtin-ri. i: ttlr, #pjf5a0>4> 
<C;gP5 d*Nt>a^5 elZlSjAvoT. Stf. -S©Sib^ 



"C/\*> K**-v3Wtto1-£«&£&^Tl*-So CCDfc 
#Pl5a0/^h'^^lt #Pi5affl*.& 

ISb $G a.N-tifitL, #P@ 5 a <D I nfflj£X*<:£ 
415 cCl&lfS 1 S'M.jPbtfc'OSIJS dlCfclt-5 12. 5 

ddfclf.5 1 1 %^C,:&aS5 5%C:3£'> 
[6 0 5 8] 01 4l:*LfcSQWjSttl3ffllt«^ 

/O Kir. tf x:/^miicfc3fiffim^(&/\-> K0)fll#£ 
#lSLfclf^lctt. @1 5lc^1"J:a<C/0 K0ICJS 
■So 015*#RBLt. fx^mi^lcj;-5lia^0>/^ 
>K<Bflt#<fe, tPi5a«)I n*flf££^bf -SCtlC 
Jt.y KjftSftft/X:/ K<D«#-fc A^t>^ h C £: lc<fc o ' 
X\ #Pil 5 a <oa«4«<0/0 KISjSl*. #P^ 5 a 
<D£ii5 c>!|N£>4i<C>S?5 dlClpJ^oT; 
■fc*»ltiBtvOi?K|**«:*. ■?■ LT. #pH5 a<75 
+.DSP 5 d T?;. aSttlciJfcMr/O K*<«'J/-rSi i: 
tlCs ^P@5 a©*<0SS5 d-*&*«|S*oli|pl^b 

•5„ C*l|C«ky , tFI 5"a Wffia^<DiE?Lli, J: l J 

-• [0 0 5 9] ft3Xffi»a|a}S1bttl!(^*ftU-HfjRf- 
xKUfe«fc3{i, ffla?«<DIEfLA<V #Fl 5 a- 

©^flij^»i=»*-rs t ignffflSft <fc y is 

-SCD-C: #PH 5 a irfcNtS.SI^M'S^r^ 'J 7S®^l6] 
x £ -t±<5 C t # -5 tit lev - ex v"«^*<AP^ 

-seat je?L(d 

ct*<-e#-5o c^tici: y ; exvasiCctsa^-iE 

7L0)|?$S^«t*<D{ST * Wfil^- i> C «!: tfX £ -5 (D t- % 
Ib&im £ |SJ ± * 1* -5 C i: A<-C # S . 

[O0 6 0] ^cfc\ W 3 HJS^sro-t-roftero^iSi*. S 
iH«5^SI<b^1t'efcS„ 

[0061] 01 6i*, *%m<DM3nMifm<D$iBm 

lcJ:^.^b^^aSt*|l3fe«^F (»t*JR¥»<*l/— * 
^T-) ©S QW;"S14B<Dx^;u^/<^ K«*Lfc/0 K 

0-ea6-5o 0171*. 01 6i-*Lf=m3Hffiff^a)^ 
nm^&zmityim^&fr is—vm+o) s q wjsitiim 
as it s. , e x *mmiz j: s / \* > torn z zm& l ts^ 

(0/O K0T*fc^)o C(Dm3|ISSff$e<D^^«91?l*, ■* 
3 Sff5ff^<D#pJf (D/O K^-V -V :7»b©;*|6]£i£|6] 
^lc-TSCi:|cJ:oT. ex ^Slcj: Se^©m^- 

<Dmv$i&mLtzm-e;<Dmizi^xmmTz. &3nm 

[0062] zamsmmitma&mmizjzzmitViiik 
^m&is—tfm+i*. @i 6fzm-t&5\z. i nx Ga 
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1-X N *n b #pl 6 a t . ' #P If 6 a ©.hTKIBS 
$+ufc I nyG a i-yN7b'>f)£i:-£|§gJl6 b il;J:-3ti 
J* £ tltz S Q WittI 6 £ *rr -5 . 
[0 0 6 3] Z<D%3Mfam&<D&mmX-\t. I.n x G 
al-XNfrt>fc&#pJf 6 a<75 I nifclj££ r trx*/^ 
l-J:*fc#^©S^©gy £Jtpi|ilJ-f*J:-5 (C. 

itmvtzitirzttHz^ #pJi6 a©cb*#jfiTI8S 

mn/opifwzrit. a i 6ic^-rj:5ic, #pH6 

a©£4ig6 c*^64"i>SP6 d irfilfroT. ,— S<D^b* 

■c<a^tti=a^-r4o -5-lt. #pji 6 a©4»fcSi6 d 
r. /<>K^-vv^i*«*«i=«'>-r«4fcti=. #p 

16 a©(f'C>§|!6 dfr&:&486 e ICInJfroT. Stf. — 

#o.Tl**„ C©fcAfc. SplfralD/^yK^ty? 
I*. #F®6 arodJ.LMC^LTl^.^^liaSi^or^ 
•5, 01 6IC^LfcS QWSttJl6.(Dx^;U^/<> K 
l=. Ifx '/*»*(= J:-5/n*> K©M££%Jt L.fci§-&lc 
I*. 11 7 fca^fj: KHlcfcr*. 01 7 £#j{g 

«©/<>Kfl)«Sitftfr44i:ti:J:--3t, #pjf 6 
a ©<5*???(D/ O K&iSli. #p Jl 6a© £4$ 6 c ^ €> 

filitfcf-So #F1.6 a©4"ijj>ei56 dT.. 

ttlcx^Mf/O KAW4tH!: v #Pl6 a© 
*'DSP6 d.#>c,fi-4l6 efc.iSjAvo.-t, Rue., M#A^ffl*J 
4*lfcfa4/^K«atft«, C*ll=«fcy. #F|6 
a ©e«Mt©fX^ «; £ y iSlvx^U^^-f 3#pjf 
6 a ©feffllj^ (4n£>».6 dANt>aag6 e©iEffi) ©fS 

[0 0 6 4] m3nMBm<Dg.i&m\z&z>mt®im*& 

i*ls—fm=FT'lt. -tfELfc<J:5l~. ftag?&©B^A<. 

lEftt <fe l JSt^xt-;U4f^^-r-S>#FJl6 a©^Jffi6 e 
^jfil=**$1±^<Dt? s #pjf 6 a|;fclt^H»6<]^^- 

sea<tiEft©jRisffi^o)ffiiif ^a^i js^iigi: ©-r 

[0065] %3mmm<Dmm<D*<Dmcr>3} 
[0066] (mtmmmm) mT 8it^ &&un<Df£4 

fc/N*^K@T*fe^ 0 11 91*. Hi 8lC^L/=m4Hig 

j: z>m.it®>m*mi* u— «f »^ © s q wsttiiic 

felt -5. tfx i yS6*l=J:4/<> K©<g££#ltL,fciI£- 



(da-> Kit-fes. w©gunigff*8S-ei*. #pji©/\* 

> K*r-v:?£-5e©^bi£T^b£-t±* * 
ifettifi-cisatfic^b $ & c t let o r . fx v^m 

IC <fc *ffiST- «©IEfl,©(l y L.fc»£©«lwO : l* 

riftB^-r^,, m4Hi£ft$©a)-E-©fte©«})Sii, miSIJfi 

[0 0 6 7] C©m4|5!SffJSI©^bifelS*^tt:L/— *f 
S^l*. 0 1 8|r^-f«fc;5l=* I n x G a 1-XNA>b'S-5 
#pJl 7ai, #pjf 7 a ©±TlciEM3*tfc I n yG 
a l-YNA>f,^^WMIf7 b t\z&^xmf$.£titzSQ 

wjsttB7^^-ri, 0 

[0 0 6 8] C©^4HJfiJf£<gTI*. In x Gal-XNA'> 
b&*#PJl7 a© I nfl/ili^. ei'/SaSlC.fc^ffiS 
^©lETlOTfg y £<£M-f *<fc-5l::. -S©g<b¥T{lg 
ifcMfclc^b-f *<t<tilr. #FH 7 a ©d^ttifiTfSm 

tti^bur^*,, ju*mi=i*. m4-mmBm<D't> k 

^..•y^tt. 0,1 8lC^-r«k^lC s #P Jf 7 a ©£aig.7 

c^C, + '0SS7 dlClSjA^r. -S©^b*-cil^ttic 
ItADf-So f LT, #Pll7 aOD*.Dg|J7 dt*> /<> K 

*w?it&mmzm'pirztkuz % #Fi7am* 

17 a©/^V K^f-y-V^I*, #PH7 a©(?nDIC^LT 

^>^f^;^^lSiit < !:^forL^-s <> 01 8I-*l/=sqwsi± 
ji7©x^;ufi[C/\*> kic. e^mmiz&zmn+itoo) 

/\> K©<«^^Jt ; Lfcli^:lc!* % 0 1 9lc^.-TJ:5^ 
KHBfcttt. 01 9S#IUT. exi/B^l-J:^ 
««T-^©/^> K©«*-.t, #PJ17 a© I nJSi^^^ 
<bf * C t lCfc.y Jf$J5E$ttf-/\*> K©«#t*<^*?$ * 
C i: iCcfe oT . #F17 a ©ffim^^©/0 K«iSl*v 
#Pl7 a(7)£ag7 c*>e,4"C?aS7 dl=(RlA^T> m$ 
A<ffl*l$^fc¥li^/5>Kmiiti:^*= f IT. #pl 
7 a©*.kS»7 d-ef£^tticx*;u*/<> KA<ig*n-r* 

S„ C^|rj:y, <im^©IEfl,li. J:yS5l^x*;u^ 
Sttli#Pl7 a©^{|y^ (4>i&»7 d7b^f,aJi7 

e©3SH) omttfWMZHtzmmizM'PirZ. 

[0069] % *nmm<i>mimjk*mwo-- vm* 

ri*. ±ISLfcJ:3l-. <ffitt^^©iEftA<. #p|f7a 
©^ffliJ¥»lcmtfD-r*<!:i:tlc, £#^©m^£. cfc L J 
Sl^I*;^$tt *#P® 7 a ©ifcifettiftlCgif-r 4 
©r. #pH7 alcfeitSHSM^^-vUT'SS^lSj-h 

$**C t*<r#*tt tlC. tfX^«^</l0t5ofcit 

^©ffiT©;Si!iMg![©igi|isA<a^ < t ^ -SteBt iETL©;^ 
ll!iBaSt©»illA<a^:<t4-*eg<t©-r^$/jN3F<-r*- 
<b*<r*^^ 0 C+i|CJ;y. exya^lcj:*^-!!^ 

©s^«tm©sT5w®i-r*-tA<r^*©r. mm 
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Cftlriy. iS»^<DB^I*, #FH7 aCD^ffett 

[0070] fcfc, £4fiffi^ffic6-?-coteco3&!igi*. m 
i-*i6»»fcn»T? - •• - - • •• 

[00 7 1] 0201*. *ftH<D*4SIfe»tta>X]i*#j 
l-cfc€>g<b&£¥a3*{*S£*;f?t^ (»b**#»»U— 9 s 

0 2 1 I*, 12 0lCjrLfcm4SISffi^ 
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ttt-T 6 C t t.t.ot. bfx v/jc&SI^J: KCDffl^ 
.^#«UfcJt^lC s - #FJl 1 3 ■<6m?tt09>«> K<0 

5.0 

[0 104] fcfc, !S7iij£}f^a)^fl)ftfeo)jasi4, m 
1 H)5£ff$Sli:(5|«r-fc-5„ 

[0 10 5] HI 3 2 I4» *H0^O)«7||J£ff$®O^ff5«lJ 
l=J:^)S<b!feiS*ai«:fgifc*^ (aft***»i*L.— »f 
ST) 0)S QWjSttJftDx^/u^/O K^^L/=/N*> K 
S-rfc^. I3 3I*. 13 2ir^Lfcm7SS6^®a)S 
»fll=J: SBflsttXJHMt U— !f *T(D S Q wSttJlir 
exv/jStiSic.fe^/O K(DM§-$%HLfcli^ 
©/■O KETT-aoSo C0?m 7 HffiJKS(D»<5ijT?l4, # 
FJf (D/\*> K^vv^(D^1b(D^(Si^|g7SSgff$®i:j3fr 
^|Sjic-r^ct(cj;oT, bfx'/^*lc«kse##a)® 

[0106] zommmmmcommiz^^mit^ 

iJi^U— fif©SQWMi2 8-CI4. 03 2 Clin 
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f<fc5l-. In x Gal-XN^C,i54#Pi14at > # 
FJf 1 4 aO)±Tlzm@£*ltz I nyG al-YNfrib&.5 
4 b<tlcJ;oTff2j££ftf::SQW;1r14Jf 1 4^ 

[oi 0 7] z<Dm7mmmm<Dmmv\t. i n X G 

a1-XNA>f>)&4#p)l1 4 a© I n$§j££, tflVa 

I 4 a©(f»DSPT?/N*> K^-v ;/ fcfc -Si it 

ffiCD^ffiJcD/N*^ K^-V -V ^l*, H 3 2 IC^-f J: o 
#Fi1 4 aCD2E3il 4 cfr^+'frSM 4 d ICISJA^O 

r s -^(D^b*-t?ffi*H*i=M'J>-f ^. fit. #FB 

T'4 a Otf'DnlJ 1 4dt, K^t^Wi'lvt^^ 
tttIC *>6S|J1 4 dfriofciSl 4 e lCiajfroT. IS 

£>. fc33. #Pi14alBSSSl 4 c *> 4 >i,L>S& 1 4d 

coieBlcfc It •!>/*> K** :7co^b*f;i\ 1 4 

d^e,*jg T 4 eCDffiHICfcMf-S/O K*-\« ^CD^Ib 
*<&$&*HiJ:y t*£l^. Zfllc^y. #p|fi4aC0 

[0 10 8] S3 2irjjtLfcS 1 4 0)I*)1/ 

^/•O KlC "ex»/»*l=J:*e*1IKD/^> KCD<H#£ 
%/tLfcS^lr|*, 03 3lZ^-TJ:5«/^> K0IC# 
•So 03 3£#f8LT. fcfxymJfM^cfc-ii/O h*C0fl«£ 
t ; #FJf 1 4 a (75 I n |Bj££ £<b"f -5 d t l~J: U » A 
£*tfcfc3M?CD/-C:/ KCD<lg# £ -5 C t [~ «fc o 

■C, #FJf 1 4 a(Bfii|SiO/\-> K*3fi-ft. #F« T 4 
a a>£3igl 4 cfrb^'OSP 14 d CDtEH IC |S] o"t » — 

II 4 a COHOSH 1 4 d-Cx^-jU^/^^ K*<«'h£fc-5 
t <!: tl^ ef'toSB 1 4dfr P>a<ffi 1 4 e iClSj'^oT, # 
Pi 1 4 aCD£4ig1 4 c^b&kg 1 4 d co^ib**: f^- 
co^biTC'iita^S/^ K«£<t fc.5„ c+ticfc y. a 

SflfCOST-li, tot t<£l^x*.;u*£;ff-t£#FJf 1 
4 aOTda.frgp-l 4 dlClfeda-f £o #p|14afl) 
Hf»©i*J^ll *ifettiST?to<ttH< ti-oX 

i^. c*uc<fcy, fim^cojEflf*. **^ifiic^4" 

[0 10 9] m7 3IJ£^<0gg^IlCcfeS^b^^#» 

FJf 1 4 aflJtf'DSSi 4 dttiSlcljl^ <t tic. 
ffim^cOiEfl.^ cf.^gp r 4 d ttifilcjfi* - <t 1= 

.tor* exi/ig^jia^ofc^wa^ojKiiiKaa) 

-tcDjSSs f§5t5am^c»;y|p)±$-ti--5CtA<-C^-5. 
[0 1 1 O] «7Htt»tt<0X»AI=J:«ait«S 



^SlflcU^-tf^^T-l*. ±f5LfcJ:5lc. #Pi1 4 
aC0ea»3?<Dftit£. »Pt1 4 ia C0*<0lc*f 
^JSHft^ttir-T'SC fclcJ:oT\ tfx73asir.i:^/^ 

> K«H*ee%* Lf=«€fie #fh i 4 a a>aaM??a> 

A:> KC9fS#£:£:&i$)-lc-f -5-£*<1?£5o -ttlcj: 
oTt. H^f— lETLcOW^St^^* t>lc|S]±$-t±SC 

[0111] fcfc. m7^itft$ffiro^^jro j erote<DS!i 

mi mmmmommkmft-efo&o 
[0112] xmammmm) 03 4i*; *si!S©S8 

t£U— -y 5 ^) OMQW (fjfiS^F) ;St±]f £^L 
7•:;S^®0-efc•^>o 03 51*. 03 4|r*Lfc^8SH5SJ^ 
tt lc cfc £ a<b4fe3¥3Mt \s—**t*<D M Q WjSttJf <D X 
*;U4?/*> K^*Lfc/^> KS^fc-Sc ^fc. 03 6 
I*, 03 4|C^LfcS8Hffi^ffilc<fe?>S<b!fel^*a!H* 
U— tfiStiPCD M Q WSttJ§l= It -S> , tf ±VS»*IC J: -5 

8**fi»ffi-ei*. MowiSttJiicfcL^r. ifi'/aa: 
<fc 4 wFJKD^ia^ ^(DiEfL<D<i y ^ffisis-r -a fc* if i? ^ 
<\ exy3asi-«fcSKgiirofiia^»roM#$t«^ 

Lfc«#©fljl::ol>Ttft!Ui-f 5. **J. H3'4lc"*Ufc 
;"St±HroaS$73lS) (0*. ±*>&T^'£:|6lfr 3^131) 
I*. 03 5j3'J:(/03 6(D0Slr^Dlt^»£A^^,^^i:l$l 
ANa^lSUCWtSLTLv^,, 
[0 11 3] 03 4~03 6 £#B§Lt\ H8HS£^ffi 

ic <t -5S^b^^¥*» is—ifm&t* 03 4 ic^-r <fc 5 

IC. I n x G al-XN^&^#F'Ji-'l'5 a I nyG 
a'i-YN^6ftSI»SJB'-i 5 b ir^5cSI=»@-r-5Ct 
|Cj:or»$fiK$+l.fcMQWjStijl 1 5 $*r-T€)„' 
[0 1 1 4] Z.<Dm8mmmm-Clt. I n x GaHN* 
b4MPH 5a"fl)I niiflfijc^. t°xVxd^|Cj;S{i 

m^F^<DiEfl.(De y ^igjt-r 5 ic^^b-r -5 1 1 1 

l=, I nyG al-YNA*t>£:-5l*gJ& 1 5 b (D I nMiS: 

fxVS!imiCJ:*f9SBroP«^(D<li#$fflia-r 
S*7lc^bLr^-5, 

[0 1 1 5] #Pl1 5 a<D/\-> Kltitl*. 0 3 

0lC^Lfcm7Higft$©CD^FIl 1 3 a<7)x*;u4f/<> 

a(D/^KJff^lt 0 3 5lC*-f <fc5lc. #FJf1 
5 a(D^1 5 c A>f>4 J iOg|51 5 d I CIS] A" -3 T. —SCO 

mtmx'mmmzm'pLTi->&. *lt. #fjh 5 a 

C04"£>SP1 5dT', '<> V*r--vv7tfm>\->£tiiZ>t± t 
IC. *<DSfl1 5dA^e)€4ai1 5 elC|SjA>or, Sl/^ - 
SCO^b^T'^ttlClittlf *l(tttittotl»i. <E 
33, #FH 1 5 a CDSJg 1 5 c b ft"»C.>SP 1 5 d CO©0 

icfcltS/O •v^ , co^{b*co$fi*rflSl*, i 

5 dA>C,^aSl 5 eCOeffllCfcl+a/O h'^-VV^COit 
Aa^CD^*ffii J: y t/J>$^„ C*llC«fey, #Pi1 5 a 
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I*. Sia&l 5 ffrb^iigl 5 g(D©Blb|n]7b>^-C x 

[0 116] 03 SICsSLfcMQWiftiH 1 5<Dx*;u 
*/\*> Kl=. tfxy5&SKcl:3ffi^H??<D/\*> KO«* 
£#If Lfclt£l=li. El 3 6l=;p**5>oC/\*> K0l=& 
-So El 3 6 £#fiB Lr , #p|f 1 5 a (DiimT^OX^- 

ki*. &7mmmtmm. i 5 a©* 

'frp& 1 5 dr«i;*:<!: &.?><!: ,btl=. fi?fi»i^ji,f/\ 
>h*l*. »F11 5a(D*'0SPl 5 drffi/K<b&S. C 
*T,lc*y, e««©IEfL*>J:U:ffia^(DS^A<. #p 
Hi 5 aCDcf/frSPl 5 dttjfilcjfc***,,, Rgjf 
1 5 bOM?«0/t:/K«titli. 

co i 17] msiissff^sKcfcsa^^^ftL'— f 
5aco*/ospi 5 dftiai-m*$-y--i>i:t *,jc. 

(DM^-t'P'bm 5 dWIl:l*$t5;ti:,):oT > 

a<t£— gt£t»--i>c<bA<r#-i><Dr*. mt-ie^ow^ 
^mmai&Tsm l < hi©]* zzt #r *. * . . -c-ois 

[0 118] *8£ffiX»ffil=*«M4bft*¥«i* 
U— tf^ri*. ±EbfcJ:il;, #Pjf 1 5aO}I€ 
^wOTfg5t£. #p« 1. 5 a <D*'C>l=*t:LT*S*a!3S = 

fg££#ff Lfe»*l=, #Pf§1 5 a ©«*■?»!= fclf 

*y. «^-IEft©S^fii*$$'i(C|aj_h$-t±4c < !: 
a<r#£o 

[o 1 1 9] msmmmmiz 

u— tfffHfri*. ±SEL.fc*5l=. BSfV.i 5b(Qlf 
tfx ys&mi-* o rflg < z t £jm$ij* -5 Z t iz * 
or, #p« 1 5 a(7?SISia<j&3iS£A<;£< &-5>CD£|ftit 
tSCt^^SOT. S^-$#FB1 5 aKP^LjXtf) 
•V-r<-r-5Ci:A<-C#-l.„ Z;h,|=*y. ^iOlS^ ;* £ 

[0120] m8mmmm<D^r<Di&<n^}m\t. m 
[0121)03714, *mm<n&8nMBm<Dmm 

roMQWjSttBO)x^;u^/<> K^tkL/=/n*> K 

0ra&-5o H3 8i±. S3 7 ir^Lfcm suffix 

*S<a^ff;M0]l=*£Sfc&£¥29ttL/-- tfJfi^OTMQWSS 
teg l=fcl-f-.5. fx'/3S!i*lcJ:-&x*;u^/^i/ K0)M# 

(D^<b(D^|6]$-j£^-(S]|c-r-5C:tlcJ:oT:. #pl0)g 



rut^**. 

[0122] z<»mammtim<D£temiz<iz%m<m3k 

*SW*.l/— »f*^li. 13 7 1=3?**. 31=.- I n x Ga 
l-XNjfPbfc-oj^pJf 1 6 a<t. I nyG ■ a-| -y N A* & £ 

^isii 6 biA<3?5i=aM-rsctic*^r^fiE$ 

^fcMQWiSttJil 6$ft5. 
[0 1 2 3] ZOims nmi&®<D&temV\*. I n x G 
a1-XNAvt,££#J5|f 1 6 atf) I nijflfiE^, ex'/Si 

sic * ifi^Sfflt^ci y & * 5 i=£<b* £ 

titCv.I nyG a l^yN^i^SBSB 1 6 b<D I n 
b'l'/ail^^Bg^ l 6 b<Dei»C3jS# 
£W«!HJ*S*/5l=^bLr^£>. 

[0 1 2 4] fcfc. #pjg:1 6 a0/^ K«ltt, 03 
2 lc^Lfcm7SS£^8g(D^}f^J<D#F)l 1 4 a 05/0 
K*JftfcHJ»©/<:> K*ift«**«.. *fc=b%. #P« 

I eaffln-VK^r^li,. 03 7I-;f**5I=. #P 

II 6a <75S3ffl 1 6 c A>t>4"i>Si5 1 6 d l=|$|Avo;Ts — 
feOy£itmx>mM#.lzM'JrtZ>o -eLr. ^pI:1 6 a 
(D+<?aJ-1 6dt\ /O K^f -V -V^ffi/Jvt^i i: t 
f=v. .<*"£>«■ 1 6d^bSiSl 6 a l=[Rl^or. SI/. 

> K** 'y^-Sro^^b*T?<g^i=iiin-rs«jgi: 
fc-aTl**-,.. #pjf 1 6 a.<B2ESl1 6 "aAv 

SP 1 6 d tf>©HI=fcl*-5/N> K4f^ ^<D^b^a)$6^ 
.ffll*. 4"Ca«B 1 6 d^&^JSl 6 e{0iSHI=fcl+'5/N*> 
K^r ^ro^bmcD^Mfit* y :**#t>. c4xi=* 

y . #FI1 6 a ©IM*/^ KI4< Hftjgtt^.-r 
**.**»f*ft«lfai«Cori*4-. Sfc:. RHi 6 b 
(Dm*> K^v7U ^Sffll 6 f .*>&«ag;1 6 gl=Ip)A> 

or. -■£0>mtmxM&mzm<pLxi^ o 

[0 1 25] H37|=*LfcMQVy5SttJBi 6fl)x*;u 
^f/O Kir. t°xya^l-*Se^<D/\*> K(7)M^$ 
#lSLfcS$l=l*. 03 81=^** 5^/0 K0l=^ 
So 0 3 8 Lr. #pf 1 6 a <nmm&<DJL*)i, 

^/<>h*ii. m7 nmm<r>mmtf5\tfn. #pjii 6 

a<z)4"0SPi -6 drg/jxt^stttii:. Wffmi 

^.;U^/\'^KI±. #P)11 6.afl> + i&»1 6dr-S^«t 

^i>„ c*i.i=*y. <£#^G)iEfl.fc*i;«®^fl)tt^ 

*<. #Pl1 6 aCD4"ijgPl 6 dttifilrjfccf*-!^ * 

fc. Bsn 6 b<De#^<D/N*>K«jti4. mztfmw 

[0 12 6] m8HifiJBS0)^ff^Jlr*S,S{b«3^^ 

^m^-ri*. ±ISL/zJ;5I=. mm^cDW+Zlt 

P®1 6 a(Dcfii6g|5l 6 d ttiSKJfccf 3 «t i * |C. 

«m : F- ; ^(DiE?L$ct'«DSP1 6 d^ifil=m^$-t±§ci:|r 

*or. t'xv^^tti^ofcii^cDa^-rojRiiiBisaro 

tte&iti.w.t£—&.zi±&ztt3<x£&o>x. n^-TE 
nonss-smmn&T&m l < mw?z> z t A<r# -s. 
^wjgm. *5t3am^*yisi±$-t±-i>c<b:A<r#s„ 
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[0127] &tz. &8mMtim<Dmm\zj:zm.ibV!i 

a<D&m&<Dm&£. #F®1 6 a(D<KM:=**LT$tt 

ft&=Sff2tt<t-r ^.ticj^T, ei7asicj:4A' 

IZ& It 5/ \*> KcDflSj* &tt*3-lz-t S C t # £ o 
[oi 2 8] msSISS^SKDS^Jir.fe'S^b^i 

b n&mfttf ex v&mi- * o r « < c t zmut s c 

£ $ £> IC (S]± $ 5 C i A* V £ ■!> o 
[0 1 2 9] H8ilJfe^®<7)Sff^Ja)-?-<D^<D5a 

[0130] (ff9 3in»tt) 03 91*. *Hfl©$9 

SSJfiffimir.fcS^b^^ttSSafciSt^ (K<b1fc$*N* 

04 01*. 03 9l=^Lfcm9HS£ft^lC,fc^M 
1b^^4i«i*U-^T<DMQWjSttlllctJlt^, ex 
*/a&*l=«fcS><> KO><ii££#£Lfci§^(D/'v*> K0"C 

fc-5>„ croff 9|gj£fl*s-ei*. MQwjSttJf disi^-c. 
ex i/samit <t «'#FVofftffojEA0i y 
-r^fc*i+r*Aj:< . exy^aicfcsKii^flXffia^cD 
«* £ *»*p« LfcJ#-&<o^ji=o^rift^-r 5. 
[o i 31] z<Dm9nMrfim<Dmit®>m*m&is— * 

m¥l*. 03 9lr'jjt^-J:5l-, I n x G a1-XN*NP,^P^ 
#FH 7at, I nyG a 1 -Y N A* t, £> Pf US 1 7 b 

•t zzmzmm? a c t ic £ o r »a m q wstt 

JB1 7 

[0 13 2] C(DS9HWltlt, In x Gal-xNfr 
t>&-5#FJf 1 7 a(D I n«J. exVSimi- 

m^^w jEfl.(Dfii y £<girr -s> <t ? i^b £ 1+4 1 <t $ 

I-. I nl-YG aYN^f,)Si>PSSIl1 7 bO) I nifflfiE 
t"x'/5S!iSlcJ:^|i$SIl 1 7 bCDffim^3?a>{ig#£ 

fflfrl f -S J: -5 l= ^b L- T L » -5 . 
[0 13 3] fcfc. #FH 1 7 afl>A>K«ifttt. 0 3 

OlCjFLfcff 7||i£ff£fg(D#Flf 1 3 aO>x;Js.;|,^/<> 
K«iBtBH«©/<>K«ift**-r*. fftfr*. #FH 
1 7a(D/\*>K^'y^tt. 03 9lc^f*5l-, #F 

S 1 7 a<D£ajg1 7 cfrt>"*>»i>SP1 7 d CI ft fro T. - 

S<7)^^-CM^ttlC3S'>-r^ 0 fit. #FH 7 a 

4"0SP1 7 dfrt,:&3i§1 7 el-|n|froT. st/. — 
S<D^<b*-e^4«i-ii*D-r-i>«5tfd:or^* 0 

fc\ #Flf 1 7 a <D£liS 1 7cfrb t*i»£>SB 1 7 d CDffiffl 

i-fcit.&/\-> -v :7ro^b*<o*£*tfi&i*. ^-frSP i 

7 dfrb^ajgl 7 eO>fBBI::£l-f«/t>K4F*?:7a>K 



fb^ronsfcHiJ: y i'hSt^o cfti-ty. #FH1 7 a 
liftotoi. KSJf 1 7 b<7>/\*> K** y^" 

I*. S4g1 7 f fribcpib& 1 7 glClSlfroT. — 

1b^-c?igi!ia1--i)i:<b=fcir. 7 g frb<54iSi 7h 

•So 

[0 13 4] 0 3 9lr5}tLfc«3®^^-r-SMQW3gtt® 

I 7a>x*;u3<:/\*>Klc. ei*/Sft*l=J:Sffi«-^aHD 
/<>Ktf>M££#ltLf::i§£lc|*. 04Olr^-T<fc5^ 

K0l=fc-6. 04O$#R§LTs ?fFli17aa)ffi 
R4. m7Hli£fl$®tll«l, #F 

II 7 a(TO4"£,>S|51 7 dTffi^t^cS <!:<!: tic, 
©x^;u^/\*> Kit. #F11 7 aOf'OSM 7 d T?S 

a^A<, #Pl1 7 a<D^.C,xg|5l 7 d ^3£IC^it>-rS. 
*fc, iSH 7 bdJli^SOl^J^/OKIt. R 
All 7bO)tEW*ft (Sf17 f A^e,d^<L^a5 1 7 g(D 

[ o 1 3 5 Iff 9 HJ(5»©l=«fc a&te&aMMM* u— 9 s 

m^-ci*. ±iaLfc<*:5i-. mm^cDiEii^^wm 1 

7-a<04"0W-l 7 d#jaic*4 3 *1*'5<t < !: ; tilC ■£3Mg 
©■^ T 7 d#jSI-m+$ti--S)Ci:lcJ:oT. 
fx ymi?A<An^> o f=li^a)«^-<DjfiElb BIStOT JifiA^ 

S. fg3tja*$c>:y|pl±$-B--o3C<!:Atr-^-5. 

[0 1 3 6]ffc. ff9Hffi»Sa>tt1b«B^«1*:'U- 
if*^-r?l*. ±ieLfcJ:air. #FJf 1 7afl)It?f 
©ISit^s #FJ1 1 7 a(D+<0l::#LT!Ettf*>S:=BJfc 
ttt-r^Ctlcfc-oT. t°x'/5S!lSlc<fc-5/'C> K(0|«# 
£#*Lf=«£\ #FH1 7 «<Dffi«^-WI=*5lt*/<i/ 

KcD«^$S^J^-|--r-5Ci:A<r'#S„ Zftlcfcy, 
m^- iE?Lfl^fit^$|S]±*1±SCi:A<r-# 

[0137] mtz. %9nmmf&\z&&m\m%^m<fr 
is—vm+x-iz. ±iEufcj;aic, iin 7 bcofffis 
^-^<D£fflii¥»A<t°ii/5a*i=«fcoTM< ci^nna-r 

ZZtlz&^r. #FB1 7roHSM^3iiSA^<'S:S 
<D$l»JJt-rSCi:A<-C^^<7)T% f^^^Pfl 7 ale 

* * $ e. ir ifi]± $ -a-* c t *<t? $ & . 

[0 1 3 8] £3b\ ff 9SII£^®(0*<7)teroiS!iai*. ff 

[0 1 3 9] 04 1 I*. #3glJB(Dff 9HSfe^Klro^^ 
iCckSSIb^^^ft:^^ (M<b^l^¥«f*U— 

CDMQWjStt^CDX^^^/N'V K^*Lfc/^> K 
0-Cfc£>, 04 2l±, 04 1 IC^Lfcff 9mt&M 
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isj#*a»^isii--r-5cticj:.-oT, trxvs&*i=«kft# 
[0140] ^<j)%9$mi&m<»mm\z&z>mt®i3h 

tPM^I*. 04 1 fc*L*J:3l=. I.h x G 

aHN* x 6ft4#Ff,1- 8 ai.'-. I n y.G a 1-yN S> 
fc£f&gjf 1 8 b fc*XSIcftJ|.rscfc|::j:.9.T»a 
**lfcMQWgttI T7 £Sf-5, : 

to i 41 ]. z<D&9mmtem(Dmm-e\*. i n x c 

al-XNANf>7S'S#Pe 1 8 a 05 I n$gJig$. t°X-V^| 

YG ai-YNA>C>J&:SKIIIl1 8 b (0 I n M)$^' fcfx*/ 
cfc ^ffllfH-r S <fc 5 f^b LT iv 

•5, . • ■ y . • 

.[0 1 4-2]-fefc\ #Pi1-8'a(3)I^j^/\'> KWS 
l*l 0 3 2 |=* Lfc« 7 Hi£ff^(D^fi!l©#FJ)l 1 4 
a(D/\*^ K«3tfcHI«.©/<-> K«tifc«*r$ t ■T'Eft) 
*>, #FJf 1 8 a K^-V ^ ^li, 1.4. 1 lZif:T& 

OiZ. #F»1 8 a0>£4jg1 8 cA^^+'OSBl 8 d (Clfil 

r, #FJf 18a (C^iOSP 1 8 d X. /\> K.^r.-V -V 3f*< 
WhtteZttiilz^ 4"j>SPl 8-d4V&*«t.1 8 elziS) 

wis. -jznmtB-zmkmzmmt&ftmk 

gfl 1 8 d <7)IEffll=: fel-t-6vO,K4f * V :?0>^b^0?$g*f 
fill*s fftogM 8 d C, 1 8 eO®ffllcfclt-5/\*i/ 

y. #f» 1 8 a ©i^;^/^ ki*s E-mmzm-f 

SB1 8b<D/^h**f^ll £4fl5l 8 f A*6+lt>» 

1 8gtfi*oT. Kflt*£&9T£y. * 

'DSPl 8 gfrbfeail 8 hCuSj^T* -^O^lb^t? 
M'J>f « / 1 > Kfltifc£ ft o T U « . 
[O 143JB4 1 IrjrLfcMQWJSttB 1 8<Dx^.;u 
Kl=, ex'/&jmcj: h*05fl££ 
#J® Lfcita-l-tt, 04 2 Ci^-f^ KHIcfc: 
■5. i4 2$#ILr> #FI18a(DfiiS(Dlt«^ 

aOTtf'frSBl 8 dVmihkte&ktUz. <ia^-^<Dx 
Kl*, #F)11 8 a<D'plb&^ a dvm±t 

#Fff 1 8 a<D4"DgPl 8 dttjfi|rJfi<£-r-5. * 
fc. Bill 8 b©fi^©I^^/\> Kl*. 04 2 
lcjr-r«t:5l=. 8 b<oa«J¥» (4"C>S15 1 8 g 



[0 14 4] m9|iffif&8g<&£ffiHMlCj;Sg<bfe£i»i2» 

Pl1 8 a <D<f»DSB1 8 dttiB.lzmcp£l£&k ttlc, 
jEfl. t dJ'DSP 1 8 d-ttiftlc&cb z t IZ 

j:ot, tfx ^'m&tfimfritzm'&an+n&wim&o) 
ntonm&mmni&T $ m l < w^i-r -set *<-e^ 5 „ 

[O T4 5l.*fc. m9H!£^©^e>l(D^btl^¥a» 
tf^T-li. ±ELfcJ:-7l^,#FSl 8 a.©ffi 
*8<Pl8ii£. #FJf 1 8 a <D4>/i>|c*f LTl^*f^JtC = 
ft^ttt-r-S^tlc^oT, tfxVjaSI-<fe-5A> K<D 
<@#*#JSLfcti^ #FH1.8 aCDfe*^ICfcl+S/N* 

[o 1 4-6] ffc. &9nMmm<D&mmiz&%&.it® 
b <Dmmi§<D&wm#tf tfxv«tjiis j:o tn < c t $ 

}WM-rSCtl=d:9T. #FJS1 8<DHS?M£j££j!><3l 

8 alCfflt:a«)^-r<-r-5)C:i:A<T-#-S, Z^lCfeUv 
« jfexft* * $ £ l= Ir!± $ 1± -5^1 1 A<t? # -5 i 

[o 14 7] fcfc. m9mMrm<D&r*m0*om<D3i. 

*li..*1*Jt»lffl«»#ltB*-CA&.. ..■ 
[0 14 8] (Ml OHJS^ffi) M4 31*. *fl^(D# 
1 0 HJfiff^® |C J: ^M^^ip3i^3fe*^ M QWSft 
HtDx^^u^/vv KSSL/SvO -KBT?**. M 
4 4I*. i4 3C*LfcI1 OUSffi^^lCfc^Sfbtl^ 

. I= J: * / K©.«* L x- >.KBT? * 4 . 

c©mi onjgjK^T'i*, MQw^5t^Jll~fcL^T. ex 
vsamir j: ^ #p jfroeas^^a-? com y $«^-r -s fc* 

it X- # < , e x «y I- J: 4 ptsuro^ # ^ t «p«i b fc 
\z o l Si HE f -5 . 

[o i 4 9] z(D<m^ ommmmo>&itws&¥m#\>- 

if^T-l*. g]4 3lC*-f«J:5|- % I nxG al-XN^bS 
§#Pl19at. I nyG a 1 9 

b t $ 3^SlcSJl-r § c <t y ft$fi)£$*T.fcM 
S 1 9 

[0 1 5 0] ®1 OHJS^^trli, I n x Ga 

1-XNA>f,^4#F)f1 9 a 05 I nmrfLZ. ex'/SaS 

i= <fc zmm^nni- <nm y $«M-r -a * a i-£<b-r -s t 

itl-. I n yG a 1-yN bte&ISitJl 1 9 b (0 I n $i 
fiE^. ex«/3a^|cJ:4|ItSJl 1 9 b©Wt^*M3J:tf 

a^^oxg # $w$fi-r ^ 5 1- mt l r lx -s . 

[0151] #P@1 9 a(D/\*> K«^l*. S3 

0 ICir L/=S5 7 HffiffJ^(7)#F)l 1 3 a<0/<> Kltitt 
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Xwztlt, 04 3lcj*-f £51::, 9 cfr^tpib 

SP1 9dffi», — JEfl>*fl:*-C«d>r*. tit. 
#FJf 1 9 a CD*ii>S5 1 9 d T?, /*> K^f * V :7*<ffi/h 
-5 it tic-. 4»i>SIU 9 dA^fiagi 9-e<7)©B- 

oTI^*. #FI1 9 a<D£aig1 9 c 4>iDSP 

1 9 d <0lBBI=*ilt*/<> K^f-v •y^to^b^&ttfit 
I*; »d^«$i 9 e <Z>$EI18IC#3 If K 

#FJS 1 9 a CDXt-;U4F/N*> Kl*; =«l«fttii 
fi#»#ft*3ft-£«j:.o-Cl*-5.' itI19bro/< 

•y^ffi/JVfcfcS-t 4>ifr«M 9 g Ave,^jai g 

hlclSjA^T, Stfc 9 f *»&#.4Sf 9.g©«SH 

fcfll— aKftWiUfttt' ■SBtSIf 1 9 b<04»i£>lt*ftT 

. Co 15 2] B4 3 iz-mctzm&zm? sm awstti 

1 •9 6J'±-*.;u^/<> Kit; f±7aSi:J:5/<> K<7)M 
Lfc*«lw|*. 04 4 IcW <fc "5 ft><^'KBI= 

Jtc-s. 04 4 *#Rgb-tr; n-wm 1 9>a co«a^rox 

Kl*. #Fl i ; 9 a ©4^SP.r9'dttfifg'|Vi«: 

A*. #FIBi a.a<D4"D«ai 9 d ftjfti::&tf>-r.5., ... 
fc; ■*B».i-9-b a>ffi«4*a>* , «*» (^'OSPi -9 g 
)Svbfia.i : 9'h©lB) S3*u:fE#^!fl>£ffli|#^t c£jjg 

ro i 53] ii oigjfi^!sa)S'ifci»^#jiw*u^ifi 

a(Dd3.Lxg|5 V9 dttiSfZ*c&St!rS fnaS^OT 
«^£4"frgM 9 d^jficlcm^^-B-SCtlC^oT, tf 

fgjtsa^ * j: y is] ± $ -a- £ c t # a „ 

[0154]tfc,»1 0HJiS^®ICJ;i > ^b!fejm¥# 

ffu— yswei*, ±iBLfc<i:9i^ isn 9 b©p 

■f&Zt&VZZOX-. »^ifc<i:tfIE?l£#FJ11 9 a 
$ $ £ I- 16] ± $ -fr & C £ A<T? £ -5 „ 

om&z. nwmi 9 a(D4"0i-*tLTi^f*/«c=ft^ 



£%If Lfci§^ #FH 1 9 a©ei9^lCfclt4/\*>K 
[0 15 7]- (11 1Jttt»B) 14 51*, 

1 1 XltftMl=£«aibtt$¥«1*&ftX.?- (Bfc** 

tf^) (D«it59Cf=BT®@-C?fcSo 0 4 
6li. 0 4 5lc^LfcSl i SISSffSSI=:«fe^^b^m4i 

Is—fm+CD M Q W3S14J1 $9 L tz Br® 0 T? £ . 
04 7.1*. 04 5lc^LfcBl i*iSff^8ll=**^b^ 
%k*m& is— "tf *^-fl)M Q WSteJKDX^jMf / ^> K ^ 
7FLfc/N*> KB--C'**-. 04 81*. "B_4.'5l=«Lfc*:i 
- 1 llffiJK©(='J:-i.M<b^^^*«:U- : y J Sl^-a)MQW3g 
ttBlcfcltS. 'tfx.*/»*l=J:*>O.'K«0«**#* L 

fcn^<o/<> K0-cfc-5o ccosi 1 mmmmx'it.- $s 

■*lt"J8l>"T; fxV33!i^lcJ:«^F»roPST^<DiE7L 
©«H,*«*r.**5H-.-C&-< * tfx 

[o:i 5 8] H4 5*.#i'Lt: »i mjfi^ti 

>f-TS«2 1±iz. Hr«a>flllP»*IWT-ts i.N^^i 

/^^Til2:3 3b^fiE**irt^S; CCDTX^jl2 2fc 
it/G a Nfia>^^7l2 3±(C< E LOG;i(Z<fcy 
RK«S*lfc E LOGiS^WSG a Nf 2 4 *<^*ttTl^ 

[0 15 9] E LOGffi^KSG a NH2 4±IZli. 
GaN3>^hi25, f50. 1 U rnOJS^^ & 

I n().05G a0.95N^&ft*nffl3t«MR^B— KSSibH 
26, $51. 0//mO)li^^%tSnlA I GaN^7 
*y Kff 2 7. mo. 1 ^m(DJ1^5^^n^G a N3t 
^f-< KH2 8, 7> K— 3f I n G a N^b45MQWS 
14H2-9. P SAIGaN + V^l30, ^0. 1^ 
m(Dll^J*t§ plG a NM-f K13 K jS<J:tf. 

I GaN^7^ KM 3 2*<d<Dffiff-e»J«S;h,Tl*<5o 

0. 07/imO)I^^tSplGaN3>^hl3 
3mm£*lXl^&o pSAIGaN^77Ki32 
t. P SGaN3>ii^hl33(!:l:J:or, Xh7^ 

[0 16 0] *fc, pSGaN3^^hl330±l 
«rta>«*£«3i4:t.l^ p!AIGaN^7^KI 
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3 2<7Xtffi<Z>£®£a-5 <fc G a N^b^S p fl ! J3t 

064X^6— K3c£lblf 3 4t!j<&] 0. 2 UrnOmfrVmrfLZ 
ftTl^So piGaN3>^i7hl33±|Clt p fflO» 
S3 smmztixiy&o C(0plSfittfii3 5<DJi®ia 
*k fccfelf, nlGaNa>^hl2 5(DSa3Jtlfc 

[O 1 6 1 ] fit, pftljmS3 5^±I(^iIJI^ 
cfcdic, p(BO/\°^ Km®3 7^j$$^-ci^o *fc. 
nlG a N3>« hl2 5 CDgflPSBIC Jz.tJ Mtti Ztltz 

[O 1 6 2] .JKlc, 04 6-04 8 £#[SLT; JLfEL 

QW?S14Jf 2 9CO«5tl^Ot>r|ftBJ-r^ 0 -.-is 
«S»lB<DMQWSttJl2.9 l*, H-4 6K#-r*-3lZ, I 
n x G a1-XN^f,^^^FIl2 9 a I nyG a 1-yN 
3b>t>^SP5SB.2 9 b t*3ESlc«» : L*:«lit*.*.LT 

[0.1 .6 3] CCT. tl.lMSBBIt, I n x Ga 

1 -X N A> & -5 #FIP 2 9 a CD I n«/ft£. fc°xY3»S 

Sitilwv I nyG a^yNfr b&^fff^Jf 2 9 b CD I 

4I1".B1 4lz*Lfc«f3*lfi»»i:HI»<D/<> K«ti& 
tftS,. Btl2 9.b(Dy\>.Kij|li, B-4.0-IC 

« Lfcm 9 xis^s^ mm-z&z* z 

9 a<D/OK*t^^lfc 04 7f-7K-r^^(c. 

2 9a <D^3i2 9 c & Kfnbtf 2 9 d IC[rJj6>o:T; . — S 
<D»t*-e«»«|ritJ!lDLTl^«. fit, #FJf 2 9 
a(D*(?92 9dt, «ft«K»aPr*fcfc*l=. 
SP2 9 d'*6fi»2 9-a-feR|*oT-; HOf ;-.;./ O K^-V 

^ m (D ^ fb^r fis^tfe (r it ad -r 4 ^ <t & o r 

*o. ^<0fc»^ #FJS2 9 a(DA> K^7?lt #F 
H 2 9 a 0 * iO ( - « L T IE** \ > Ktfttt t^otU 

■So 

[0 1 6 4] 3itz. PtilB2 9 b h'^W^I*, 
£4i2 9 f A>f>4"DS|J2 9 g<D®fflr% /OK**^ 

>K*gii<htfoTl>fto 

[Ol 6 5] COTJ:9fc&j££:rf ftMQWStSJf 2 9 

#If Lfci§£\ H4 Slcip-f «fc-5£A> KgHc^^ 0 gj 
4 8J#§LT, #Pi2 9 aCDffim^f-^WX^yU^A 
>Klt, g3HJ£ffiMii < h|^;H s sag 2 9 cfr&4»iM|12 
9 d|z|a]A%-oTs K«jg£: 
fcfto tit. #FH2 9 a<0*'0SP2 9 df, gift 
l=M'>-f ft <k 4>«0gP2 9 dAMi^4g2 9 e(Dm 



ft-. CttlCj:y» 9 a (BfimT^OHEfU*. <£ 

yai*I*^$tt«#Fi2 9 atf>£ffli|¥# (£H 
2 9 cA>C,<*>«C>S|5 2 9 dOffiffl) (BfSigtK&tf "Tft.. * 
fc. KMH2 9 b(7)fiE®^(7)X^^^/N*> Kit, 
129 b<0SJffi2 9 f A^4 J 'DSP2 9 glC[6]froT. flg 
#AWH]£;h.fc¥*§fc/<> Kfltilifcft title, 4".D> 
oB2 9 gA x b^4S2 9 h ICIrJA^oT, —^.(D^itm^m 

Co 1 e 6 ] m 1 1 ftiKJi»tt®aibito$it*tt tffst 
9 ©£fflij¥»ic^cb-f t tie. enwaret* y 

<gLxx^;U^^^-r^#FB3 a<D£ai2 9 c 

ftO)^ #FJf 2 9alCfcM+ft3IMWfc=}r-\» l JT& 

<-rftz,i:A<T?#.ft. c*Lic«fcy. ifji^mmz^^ 

JEn<DM1£-£&m <D1&T ^ffllftij-r ft C i: A<"C # ft 0) 
T% ^jfe39!i*$|filJi$-t±ft.C<t*<t?#ft. 

[0:1 6?] jfcfc. % «i 1 mMtemiz&zmitmja^m 

ifm^T?!*, ,±8BLfcJ:5l.= v igl2 9 bCDfffi 
ST-^<7)S#^(DIIltA<t 0 X V^ft*l=«fcoTte-< Z\t* 
fflM-rft.CtlCfe.o-r, #PJ12 9 aO)*MW?5:a?$7!)< 
^ft(D$l5&ifrftC.i:A<-C*#ft<DT?, lfj#pf 
2 9 a lCfflCji*b-Vr<-rftCt*tT?^ft 0 C+tlCj; . 

U\ fg3ta*$.$^l-^x$-t±ftCt7b<-C.^ft = 

[0168] n i,.nsipji<o*<z)<tka)S&*i*»- : 

«i mtm&pw-eftft. . 

[0 1 6 9] H4 9~H5.1I4. @4 5(C^LfcSl-1 

msm& fts-ffcia^^^i* hwmm ^ q * 

X^^-r^f = to<Dif®lllr'fcfto S45fcJ:i;45~ 
47 j#llr, |g1 1 Hl5S^®ICj:ft^b!fel^#«<* 

U— tF^<DiS!ilg -tr* [co L>r|jiBj-r ft . 

C.0 17 0] 0 4 9|C*-T«fc5l-. ^77^71 

tE2 1±|C; mS<Df B 1fl*PTrS i N*M^^ftVX^7 
l2 2JMt5„ ^IC. ; "7^112 2a5^PSPir,J:y 
IliJ^fc+l-7 7-1'7lfi2 1±l:, GaN«^7 7 
7l2 3jMtS. fLt> 7X9l22j7X^t 
Lt, 7X^l2 2j3j:^GaNSig/\''v77l2 3± 
|C % ELOGfg^RSGaNJl2 4^iM^«l7J(S]fiE5;ilC 
cfey^fifc-rfto ^?IC, ELOGi^BGaNi2 4± 
IC. $51 0 0 0°COT«t5;aS^TT?. NH3, TMG 
te&lSS i H4^fflL^T nlG a N3>$<7 KJ125. 
S i H4> DEZ, NH3 % T EGfcit/TM I $fflOT 
$50. 1 |im(D^^^W-rft I n0.05G a0.95N^t)^f 
ft n fflditqRiR^e— KSS^tJl 2 6 , NH3, TMG. T 
MAfcJ:l/S i H4$fflLXT$5 1 . O mOH^S^-f 
SnSAIGaN^77Kl27. fccfet/s NH3, T 
MGfcil^S i H4$fflL^r$tI0. 1 /y m<DJl«?*£#-r 
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[0 17 1] fit, *«a«*tt8 0 0 c ClC»»Lfc 

NH3, TEGfc«fcl/TMI$ffi^T7>K-^I 
nGa Nfr£#£ift3. 5 n m<7)J5*£#f4#FH-2 
9 a (0 4 6#RB) $5 2 0 n mj?^^* WSJf 

2 9 b i^btl)MQWSftl2 9 *»«t4. C0)M 
QWSttf2 9±|:, NH3, TMA. TMGfccktfC 
P2Mg$ffll>tplA I GaN^'^|3 0^i« 
Lfc&. 1 0 0 0°Cir % PHA S;g-f£ 0 

piAIGaN+-^^i3 0±|:, N H3, 
TMGfccfcI/Cp2MgffflUr^O. 1 /im(Dl^$ 
*t*plSaNftff-f KI3 K NH3. TMA. T 
MGfc«fcl/C p2Mg£ffil^Tj$jO. 3 /i mC7)Jl^^^ 
tSplA I GaN{777 KJf 3 2. SScfctf. NH 3% 
TMG*5cktf C p2Mg£J3l^T)faO. O 7 Um<DW?t 
^*t§pSG a Na >^<7 KB 3 3$^/$-T^o 1 
[0 17 2] «|c, H5 -blc«f J:-5I=. h*)V<? 

77 V ft'Hf fc-«fe tfX v ¥>#WMGmi*X % P IG a N 
3>^^7 KB 3 I G a M9=yv KB 3 2 

flJSJBfiE-rio f Lt, plGa N3>^ hB3 3CD 

[0 1 7 3] ^<D'&* 15 1 d^F-f £ 5 IC 5ft 1 0*0 0 
°C(DS«;aSlfe^T-e. 7^13 8 £^X<><!: Lt, 
■7X^i3 8*R-<tiil^ NH3, TMG; S i H4*5 
cfctfDEZSffl 1>T G a N b^Sp ffll*«MR^E^ K£ 
S<bH3-4*ttO, '2|imOi#17iS{rt*t5o CCD 
7X^l3 8IJ:HiSf-4o 

[0 1 7 4] 04 5 left Lfc J? 5 It: PlGa 

NZ] >^^7 KB 3 3(D±M£|&< £®£S? t t 
nSGa Na>J^hl2 5 (DSft $+lfr±ffl±(C^P 
S i 02^b*l)«il3 6SMt5 0 ^ 
Lt, plG a N=]>£^ h!3 3(D_t®|C: p 

3 5fect:ypI/N 0 7 7 JMfS, fit, $6 
i§3 GCD^PgBIC^oTgiilS^LfrnMG a N=J>* 
^ K12 5ttttt-r*ck5 lC. nf)l®38jMtS 

cti^cfcoT. mi i*«»»a>a<t«*¥»i*'u— 9 s 

[0 17 5] («1 2£tt»JB> 05 2fi, **B^(D|g 

3 I*. 0 5 2IZ7FLfcmi 2SKfll»nia)8<b«9R¥«tt: 
if*^(OMQW5S1±»**LfcBfBE|-efc4o 0 5 
41*. IH5 2(C7FLf-mi 2XflWflg<D&1btt$¥9{* 

> K0-efc£ o 0 5 5 I*. 0 5 2C^Lfrl1 2H» 

its, exyja^iz^s/OKcDis^^-^t^Lfcii^^ 



«»-r«/£it-ett< . exyjaai=<k*»fis<7)fiBs^ 

*o)«***«MWLfc»^a)«icoi^rlttwr«. 
[oi7 6] £-r. 05 2?#iLt, mi 2SKtt»n 

cc^mi 2*jfi»jB<Da<b*****u--y s **Ti*. 

0 5 2lC7F-TJ:9lC, SStt^^-r^Z r B2S«4 1 
±\Z % nSGaN]|;g/N'^77i4 2, $51. 0 /ti m(D 
S^SStSnSA lGaN?77Kl43, »0. 1 
/lm0l^f4nSGa N3t*V KB 4 4 . TV K 
— ^7 I n G a N A N b 5 M Q WSttf 4 5 % plA I G 
a N + ^^Jf4 6. $50. 1 /im(DJS<?*£*-r<5 pS 
GaN^VKl4 7 s J3*tf. $5 0. 3/im<&Jf^£ 
*rT>5£<tiir. OSB^^fcp^A I Ga N<?5v KB 
4 8*<C<DIBJ*--e»fit$'*lTtvS 0 

[0*1771 *fc, plA'l G a N >7 5 ^ KB 4 8 (Dfl 
■«<D±iS*l»-<4Bl*S5'«fe5fc\ GaNtfbftSpi 
5fci»i&^E- KSS<bB-4^ 9 tflfo 0 . 2 *t m(BJ?*fT*flSJ« 
£:ft,Tl^o fit, p«3ft»tt^— KfiS<b«4 9 0> 
±®. fccfctf* pSA.I GaN^77Kl4 8(Dlffl$ 
*lfc±iBIC«*-r*cfc3fc % pfltjGa N=l>$£ hB5 
0*<M*tltL^o C(Dpffll]G a Na>£^7 h!50 
±1^ pflt&5 1 *<»J**4vCl*4o Z r B2 

S&4 1 <7)§®IC. n««a5-236<»***lTt^4." 

[0 17 8] &|C % 0 5 3.^H5 5*#ILt; -tffiL 
-fc«1 2||«S^ffilCcfc*!S^^¥#»U-if«^M 
■QW5S14B4 5(D'«Jtlco^TKB8-r*o ca>»i 2 31 
J£»fflO)MQWS'ttB4"5l*. 05 3lC7F-Tcfc 51^. I 
n x G a f-XN^»b^S#FB4 5 a <b. I nyGal-yN 
A> b^RBl4 5 b t *3£Slr»B L/cfffit * * LT 

[0 1 7 9] CCT*. Si 2*llS»tt^!4. I n x Ga 
llxN3^5ft4#PB"4 5 a(0 I nlft**'. tfX^a*' 
|C<t«ffi«^*<DiEft-a)fiy*'«**r*ti:*lC. In 
YG a 1-YNA**&&5PSSB4 5 b<D I n jfiEfc $ * t°X^/ 

a*lCcfc4ffiS^*(D<l^*}in»J-r«cfe5lcgE<bSl*r 

l>3o fcfc\ #PB4 5a<D/OK«IJftli. H2 6|C« 

Lfc»6«»BiH«-Cfc4* BMB4 5bC0 
/OK***, 0 3 5l^7KL/-cm83ISE^® ( t^flfir*fc 
So -Tftt?*, Jfpl4 5aO/N'>K^7^li, 05 
4|ZtfL/-- J: 7lC. ifl4 5 b(D^4S4 5 c 

K*^ 7 #t 4#Pi 4 5 a 0)4*4 5 c frb 
*'I>SP4 5 dlCfflrfjNoT. -360)I«<b*r«»*lz3*/> 
t5o fit, JtPi4 5a©*»t?«4 5d-C, K 

^w^ffi/j^^stttic, *^a?4 5d^b«a 

4 5 elZlSj^oT. SU'. /<> K^-v^^^-SOSib 
mvmiMLTl^&o ^<Dtz#>. #p!4 5a0)/N'>K^ 
^•V^I4, #FI14 5 aOt'&tSLTSSflift/^K 

[0 18 0] PSSB4 5 b(D/\> K^f-V^^l*. 



' * 
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-SOT^^b^.r-M^icifiia $ -frfc/ o Ktft £ £ <t o r 

[0 18 1] C(Cd;?^c^jt^^-r^,MQW5St±Ji5 0 

%JSLfcit^lr|* s EI 5 5 l-^-f <£ -5&/\*> KEICfc 
•So EI5 5£#R8LT. #Fl4 5a(OH?S:(DI* 
;u^/\*> KI4. £484-5 c^b4"frSfl4 5 dlcfS]^o 
T, ^jStlCifin-f 3. fLT, #FH4 5 a(D4"L"SP4 
5df, ©Mttl-iiijn-rii.tirtlC. 4nC>S|J4 5 d 

mitt ^-5. CI+lKJiy. ffim+ftOiERte. J;iJIO 
X^.;U^^^-r^#F^4 5 a<7)^{|ij#^ (4"0SP4 5 
d?!p£>:&aa&4 5 eOTffifflhicJgEf-r-So £f =v ©gjf4 
5 b(75ffim^a)x^;u^/\*> KI4. M^AWJ^Hfc 

CO 1 8 2] *1 23Ett»*(Da4bttlS¥*{*L'— - !f* 

5 aro^j*^irm*-r.5 <ti:t(~. fiWRO);!?'*. J: 

l J«l.*x:M,^**rt-*a:F»4 5 a (D4"»fcS|S4 5 d # 
jftl-m^-r-SOTT*, #FJf 2 9a iCfclt^HM^^ + A' 
•JTSBS$I«l±$-ti--5Ci:A<r#'5i: t tlz. ei71 

[0183] &tz. an 2mmmmizj:&mtti!im*m 

tfS^-ei*, ±fBLfc<fc5lc N PSMJf 4 5 b <Z>« 
t^-^tfi V»*l= J: -3Tfl£< C <t *#p«-T4 C tlz 

it"t -5 C<t7MT* , *?-*#FJl4 5 aUBJCfc 
t, lc |S) ± $ -a- i> c <t ffT' # -5 o 

[0 18 4] $1 2H)5£^fi|(0-eOTteCD?Jj^li. 

m i seifi^ni t mmv & & . 

[0 1 8 5] i5 6~05 8li, i5 2(C^Ly--m 1 2 

[0186] us 6iZ7jk-r£?iz. mnte&m? 

&Z r B2»fi4 1 (011$, ff|1 00 0°C(D»ffi;US 

Z r B2S«4 1±fC, TMGti<fcl£S i H4£ffll^ 
TnlGaNi|;g/^777li4 2. NH3, TMG> T 
MAfcJ:ys i H4$fflUT$!l1. Otfmffil^Stt 
5n|AIGaN^7VKl43. J3«fcl/. NH 3> T 
MGfeil/S i hU^ffll^TnllG a Npt^V KB 4 4 
£&)0. 1 //mCDS^-rlH^jS-r^,, fit. 



S^8 0 0°Clr|^-gLfc^. NH3, TEGfcJ:tfT 
MIJfflUt7>K-^I nGaN^P,)S:SJ(l3. 5n 
mO)JI.^£:frf -S#FJl4 5 a (@S3$I) $12 
0 nmOH^^%-r^|ieg|l4 5 b <h;!r>£>£:'5MQWj§ 
tti4 5^filct5. C03MQWi5ttl4 5±|C, NH 
3. TM A, TMGfcJ:i;Cp2M g fffl^TpSA I 
GaN4t7^l46SMLf:i, SSSS^I 0 

0 0°CIC, WU. #S-r&, -E-LT. p!AIGaN4 

Zff§4 6±|C % NH3> TMGfccfel/C p2M g £• 
ffll^-C!fS)0. 1tfm©IfrStn P lGaNM-f K 
Jf47, fc,J:U^.NH3, TMA, TMGfc^tfC p2M 
g S'ffll^T' pMA I GaN?7'j KJW 4 8 0 , 3 jU 

[0 1 8 7] 05 7l=*f«fc5lC; h'J V^ 

77^ ftfiSfc£t/x-v^>-yafl5£ffll-»T. plA I G 
a N 5-7 -V K14 8 (D — SP ^rMS^T -5 » ZfrlCj: IJ. 'J 
•V vSP^fitrS. -?-Lr, piAIGaN57'V KH 

4 8(COgB±lr, S i Nfrt.&.&VX^HS 3$}f$fig-r 
S. 

[0 18 8] ^LT> El 5 8|Z^-TJ:5IC, $tj 1 0 0 0 
°C©S«;gS<0^#Tr-. 7^?l53$7XftL 
7^^15 3 $|^<±®|C, NH3, TMG, S i 
H4*5cfet;DEZ$fflt>rG a N A> «b& ^ p ®Jpt®i|K^ 
— K£^b« 4 9 $iSi?J 0 . 2 # m<D/l<^T-ilS;^S-r 
5o C<»& % v.x <7 If 5 3^£f5, 

[0 18 9]Silc, H5 2lc*Lfco:5lc, plAI 
G *N999 KJ14 8(DSt±i$+l/-=±H*J c ki;p#]3t«S 
iR^E— h*S^-(bJl4 9<D±®<0^Hlr, NH3. TtVIG 
6J:i;Cp2Mg5ffl^tpSGa N=3>£-7 h5 0l 
$i^0. 0 7 m<DJl<*-Tff-M£-r&, fLT. plGa 
Na>$^7 hH5 0<D±M<D£mz^ pffl!imS5 1$}K 
iS-r-SirirtlC. Z r B2Sffi4 1 (Dg®IC nfflmffi 

5 2£ff$j$-f£, 0 ccDd:dfzLr, f 1 2Sltfe»ffia>a 

[0 19 0] (mi 3HfiSff$S8) El 5 9 14, *ftW<D& 

1 3%tt»ni=<t:«S1bftS¥«{t:«%«?- (Mlb^l^ 

#s»flsu— y 8 *^-) o^it^^LfcKffiEir'fc^. ei 6 

Olis El59l;*Lfcmi 32gffi)l?ttaa4b1ftl?M&«ft: 

11*, EisgicjFLfcmi 3nmm\z±%>mmjk'=¥- 

If^T-CDMQWJSttBcDX^^U^/N'v K^*L 
KEIT'&S, EI6 2I*. EI5 9|C*Lf=mi 3H 
Jfijgffiicj: -SM-lb^S^t*: U— If IffflM Q WS14B 

(DtfxV3asi;<fcS/<> F<r>m$ : £%mLtzm-&<D/^-s 

iffi^ffiufcHb^s^u- y i * ; Flc^3L^r, fx 
yjaSlCck-S^FBeDfiBS^cOiETFKDiiy ^^-r^ 

fc'lf-c?S< . t°xy5StiSI=J:SKSil<Dffla^feJ;i; 
e#^(DM#$t-HD*JLf_ii^<73«i|icoLNrSia^-r^ 0 

[0191] $f t EI5 9J#^LT, mi 3Sli£m® 



(22) 



2003-234545 



0 5 9 ir^-T J: o ir, S G a Ntt« 8 1 ± 

n|Ga 77l82> $50. 1/im<D)5 

-5 I no.05G ao. 95N^S>&'5nfflBfcl»ilX : E— 
KSSft® 8 3 „ m 1 . 0//m(Di^tt5nIAI 
G a N ^7 5 •>» KJ1 8 4. $5 O . 1 U m©I^Stt -5 n 
1?G a N3t*V Kd8 5, T> K— ? I n G a NA^^f 
•5MQWS14I18 6. plAIGaN*t7^i87, 
mo. 1 /7ma>Jl<?f£:frf £ pS?G a N3fc*l-r KJ18 
8. J3J:{/, $50. 3 ymtDJl^-^^-rixtttilC. £> 

[0 19 2] g-fc, pgJA I GaN97'V KH 8 9 (DO 
gfl<7)±E£l&<±®£S5 J:-5|-. T>K— ^AIGa 
NA^^,^c^)tt3i^^a'y^ll9 0*<$50. 2 u m©Ift.7 
fl$filc£;h.TU-5. CCDm^a -j/^Jf 9 O0)±®<D±® 
_h|Z< $50. O 5 // mtf>J^-£Wt"& I n0.05G a0.95 
Nfrb&SpflilTfciSJlR^E— KSSlbJf 9 1 A<ff2Ji££;h.T 
l^-So fLT, COp(liJptqftiR^-K^S1bJ19 1 <D± 
®<D£®. *5<J:l/. plA I G a 77 K18 9«)I 

If 9 2 O . O 7 ym<7)Jl^T:^)iE$^Tlv^ 0 - c<7) 
plG a NZI>$? I-Jf 9 2±|CV p ffilJSH 9 3 tfl&fS. 
2*lX^&„ G a 1 (DSSIi. nfflm 

[0 1 9 3] Jfclc, 0 6 O~0 6 2J#ILT. ±EL 
3HSEfl$Slc<J:^^b^^*»{*U— tf*^©M 
8 6 (DtgilfCOlNTlttlB-f •&„ CCDS 1'3I 
&i£ffi(0MQWS1±ll8 6fi. 0 6 OlC^-f I 
h x GaHNA^b^4#Pl8 6 a t, I nyGal-yN 

[0 1 9 4] ZZX. *1 3mmmmX'lt. In x Ga 
1-XNfre,£.5#FSJf 8 6 a<D I n$flJ$£. bflV^flS 

*fc £ I nyG a ^-Yt^^frt>*■jl&WMm8 6 bfl) I 

^$-Wffl-r^<feair^1b$l±TLN-5„ fc*>\ #pg8 6 
a O/O Kltii!*. 0 3 0 IZtp LtzWi 7 HSfiff$8Si: ffltit 
«D/-?> K«igt?&i> 0 WSif 8 6b<D/\*>K«l3t 

[*, 043ic^Lf=«i onmmmtf5imx'&>&o 

<fe5IC, #FI8 6 a<D£Si8 6 c *P £> * 'OSS 8 6 d lr 

iri^ot. -^<nmtmxmmmzmo-r^ 0 fir. 

#F18 6 afl)^<i>gP8 6dT, K^f-W^H^ 
<t&5 turtle. (£ifrSP8 6 d^f>*3g8 6 e iCfajfro 

r, wis. '<> pxwzrz-jzoy&iimxmmmzm 

an-TS. #FI18 6 a<7)£<U©^(7)/\*> K^A' 



3affl/\'> K^-V-V^l*. #FI8 6 a <0f <CM-*t LT 

[0 19 5] BSH8 6 bCD/N*>K4f-Vy^l*. 

2E4S8 6 f A^b*ii>gi58 6 glClfiJ^-pT. -&<Dmtm 
T«»ttl=**l>C-Cl*S. fit. */fcS58 6 gT?. /\* 
> K^fvj'^ffi^t^'Sti 4"i>$S8 6 gfrib 

:&4g8 6 e[r|B]*voT. MU. -^(Dmtmxmm^ 
•So P$MI18 6 b<0£<M(DlIlS<Z>/N*> K**?^ 

[0 19 6] d<&£5£&i££*-f •SMQWjStejf 8 6 

•5. 06 2^#RgL-C. #Pl8 6aroii^a)l* 
)l>4rA> Kl*. #FS8 6 a(D&iS8 6 cfrb*ikS|5 8 

6 dictajfroT. -Sa>^b*-t?ii}jo-f •&„ *L-c # 

F@8 6 a<Dtf>.D>SB8 6 d "C, x*A^/*> KA<*I*i: 
tf 'C,gi58 6 d;A>&:&a»8 6 elClfijA^ 

r, st;. -s<7)^b*-c^'>-rSo c*n=«ty, a* 

T^oietli*. tot ^,^;L^x^;^^^^■r -5#FH 8 

6 a<D+»D5P8 6 dlr*+-r^, 0 #Pl8 6afl) 

e#*©x*;u*H:; 4>'^g|!8 6 . d ftifi-T? * o tt«< 
ftotH*, Z4lt=J:VI« Bmfcon^lt. #FI.8 6 
a<D4"DSlJ8 6 d#jfil=*«*"'-^*.' KMI18 6 b 

<DffiS^«0)x^;u^/\*> Ktt, HM8 6 b-©+*» 

8 6 gA^*Mi8 6 hoiBBT?. mztfmmztitzw-m 

4g8 6 f *Nt.cf.,O.S|5 8 6 gfl)Ki1?, <S^AWJ$*lf= 

[0 1 9 7] ft 1 3 3l!6»«Sa)^t14jS^(*L'— *m 
3-X'lt. ±&Ltz£?\z, <ffim^(DiE?L$#pli8 6 
aCD*,j>g|58 6 dttftlzm'PZ&Ztt&lZ* &m#(D 

m^^'bU8 6 dtti&.\zM*z-ez>ztiz&-ox. e 
«7fe3ai* $ £ y ifii ± $ -a- 3 c t *<r* s* * . 

[0198] 11 3H!S^sglcJ:4^btl^^ 

^m^-ei*, ±fBLfc<fe5ir. #Pl8 6a©l 
n*ft<Dmik&. #F»8 6 a(D4 3 'DlC^LTl^«i'S 
HftJKttt-r-SCtlckoT. trx*/»»|=«fc4/OK 
C0^$^#/1 #FB8 6 aOTffitt^SK S3 

[0199] $t z% mi 3mmmmiz^^>s.ib^m^m 
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X-£Z<»T'. tf|#pi8 6 a izm 

[0 2 0 0] fcfc, Si 3 HJfi^^O-tCDteCOjami*. 

[020 1] E6 3~g|6 5li. mi. 3 Hifi^ffllC J: -5 

<6<7)BT®|21-efc-5 0 125 9fc,fctf 5 9~6 1 £#B8 L 
T. mi 3HS£^®|rcfc^^b«!l^¥««:u— t^^fl) 
? □ -b X ic o i\x IftBJ-T -5 . 

[0202] us 3ic^-r,fe5i=. #mi4$*-r 

-5G a NSI5 8 1 & 1 0 0 0°CCDS*lfe^TT?, 

NH3. TMGfc<fctfS i H4$fflUt nSG a NSig/^ 
7^718 2, S i -H-4*Sj;t/D E Z£flH*TiS$0. 1 
U mG>m?i-&&-f & I nO. 05Ga(). 95 N fr f, £ £ n 
eRifX^E— KSS<bJS8 3.^ NH3. TMG, TMAfcJ: 
tfS i H4£fBl,^TnSA I GaN^f KB8 4. 
cfctf. NH3,.TMGfeJ:t;S i H4SfflUTnlGaN 

-r kh 8 5?i5o. i ju mroJS^-cni^fiK-r-s. 

f it, S*R;SJS$$5j8"0 0°C|Z^;gLfc^. 7>K— 
?InGaN*bW3: 5 n m<Dj*«?*£3rr -I>#F 
186a (i6 0#i) ffi2 0 n mWll^^-r & 
P8gJB 86bi*x<i^:^M Q WSttJf 8 6 $ JfJ JiE-T -So 
C£>MQW3t£Jf 8 6±|C. NH3. TMA, TMGfc 
efct/C p2M g JffiUTplA I G a N*fi/7I8 7 

&Mf£Ltz'&. *«;SS^iKll ooo°cic. SI/. 

•T-So fit. plA I GaN + A"y^l8 7±|Z s N 
H3, TMGfeWC P2Mg£m^T$Q0. 1(/mfl)I 
»$#t5plGaNM-f KJ18 8. fccfctf. N 
H3. TMA. TMGfcJ:U:Cp2MgJfflL^plA I 
Ga V KJf 8 9££j0. 3 U m<Dmft-X'M!&-? 

-5. 

[O 2 0 3] 06 4lr^-T t f:5lc. 7+ h'J V<7 

77<a85fc ( |:yi-yf>^ft«Jfflnt. p^A I G 
aN^7-> K18 9©-SP$i£t5Ci:l;<l:ot. X 
^«(D'J vVn*T6WrtZ>„ f LT, plAIG 
a N^^-v KH8 9(DCjS|5±|C. S i N frb & -5 7 X "5> 
«9 5 

[0204] fit. 16 5IC^-T <fe5lc % filOOO 
°C(D»«;gS^#T-C. -7*>7jf 9 5£T*?,t LT, 
NH3. TMGfiJ:U:TMAjffi^rA IGaN^b* 

SfclZ. #J8 0 0°Clc|5$;gL*:&. NH3, TM 
A. TM I , Si H4fc«klXD E Z Srffll^T I n().05G 
aO. 95NA>f>^S pdiJ^aftilx^E- K£Slb@9 1 &m 
0. 0 5 X/m©J?^r-iM«/SS-r«. C<D&. V*?Jf 



9 5^iit5, 

[0 2 0 5] M&lc. 0 5 9l-^LfcJ:ei-. $510 0 
0°C<Dgffi;££^<*TT?, pffliJI n0.05G a0.95Njtl» 
JR^E— KSS4bH 9 1<D±U<J)±m. fccblK. piA I 
GaN^'J KH8 9 0)Qtii£Htz±mizmf&-tZ>&? 
IC. NH3. TMGfccl:tfCp2Mg£ffll^T pSGa N 
KJ1.9 2£&0. 0 7 jum(D)l^-CffJfiE1--S. 
fit. plGaNa^7H92©±Il:, pMS 
S9 3JMt4tttl:, GaNl$8 1 0>g®lC. 
nfflS®9 4£fl$fi£T£. CCD«fc5|- LT. mi3g|S£ 

[0 2 0 6] fcfc, #lslBfl^^+lfclliS^S§l*. f^r 

<z> £ -e#J* r- o r ftlRBifl & =fe t? i* i n t # * e, ft £ 

T'lifc < 5j?<DiiHlc J: -o T ir £ ft. Jb Uttafflt 

[0207] tzt^t, ±mmmmmx'tt. mtwsm* 

[0208] ±iemi ~m7 jU6»®*5<feu:^+i 
£ OT^sMM-ei*. m-s^^pis^ e. ^ & s Qwjstt 

Ji^^tSlb^m^^TfeS^-^^fiELfcAt. *^BJ 

[0 2 0 9] ^fc. ±!2f8~I1 OHiSff^fcJ:t/^- 

+L?>(D^ff^jicfc^r. »pf«)/^ K«jfti4s mi~ 
[0210] £f=. ±fBm2~m6His^figfcctL):^-^ 

/<> ^x^;u^<o^bj!)<l5ISS|LL^^lr-r>LN 

Tifj^Lf-A<. *^iic^iici®t,-r. ±iBmisfiffi}^ 

fl£# <fe U . K^-v v ^x^;u^(D^b(D^A</h$ < 
rtc^:L^„ fxvr«l?l=J:i)/N*>KroM#J:y. 

[0211] ^fc. ±immmvit. i nG a n^^, 

B&f. t=xy;aimi=<fe-5S : f-iEfl.<D||$g^«t*0)<5 

t *<a 4x ^ *t *4s -c fc*i if-r -<-c ic iiffl-r -a c t pi 

«g-t?fc-5„ fc<tK.li. GaN^btSBili: I nGa 
«t<. AIGaN-^AI I nGa N ^ t> ^-SeSS <t I 
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n G a NfrbtaZXWmt&mTtZ&l-KWm&ZBrft 
LTt^l^ $ t>|r % InAIGaN, GaNP, G a 
AINP, InGaAINP, GalnNAs £^t» ;g 
laSft.t'fc'xv^SI£*^£#^*«j££ft£>^t^ 

I*. 

77-(7iffi. ZrB2afttfcliGaNStESfflW: 

*<, *f£Bji*c*iic|se ) -r. xe*wu»«fti:<B*fcfi14 

«;££ffll^Tt JU>„ &51M±. S i ClI, S i **R 
l^fcttGaAs SStf if(Dj»mi4^^-r £¥3H*»t6£ 
ffl^ttJ:^, MB2 (M = A I „ Ti, Z r, 

Hf. V, 1Mb. Ta. C r ft if 0>£B7cjg) T-^$tt 
£*^SHb^!l*;|S£ffl^-C*,«fcl,>„ C0>1§£. ftlcA 
7?JI<D (0 0 0 1 ) ®*Om<b£r#lStit£ffl^-50>A*# 

[0 2 13] -tfBilli£Jf*®iT*li. -t7;U^^1»it(75 

(oooD moimxitzm? %m*#Fmmfrt>tez 
mftrnzmffLLtztf. *f§iHi±c;h.i-i8e>-f. ^fni 

t-£>*u;£. isftif <d®7j&i*. (oooD ®-c*ft<r 

(HKLO) ® (H + K+L = 0. J^O, H = K=L 

= o£|&<ffifta>$&) t?«$+u-5®^(4WM-r-fc*ii^ 

* £ STafiT- & o r t J: 
Co 2 1 4] *fz; ±IBIIJ6^®-ei*. -^uyMSIita) 

;h.3t<DT-i*fti*o tztz-tf. ^s.^m^<D^m^u 

5 (111) ®(D»¥#F«;i&£*^£JS3feJf $ff*fi£L. 
T*J:l\, ^ffirDM£j£fr£ft-5M^#F&it£*r 

IS, ISStllOTffiTJtel*. (111) ®i:tiHffift®75tel:: 
l&bft-StcDT-tefti^ -f ft;b*>. i^i^ftpwiS 
[100] mzwtoiz-i&wXi&ts&ifztiizmm 
tm^iiLizJLrt-xtotxit^frte&mJsikxfo-oxb. 
£S«te^lBA<»^#F*&cDfflC&#);SAic2§£-t 

£. O^y. f|3tJl(D@^14A< (OMN) S (M. N 

it, M=N = o^^<ftsrost) r*s*Hi>®^(4JUil- 

<£>S7j&. fccfcl/. Cft&£§|ffiftffiT-fo;hm'^ft& 

[0 2 15] *fe, ±tZnmtemX'lt. InGaN^f. 
ft<i>f*Mlfi: I n G a Nfr £>ft'S#FIB<!:A N t>ft-5J±$l§ 
^^^-r-5«^#F^jS$^fiELfc*<, *SISIiC*T. 

cus^-f. »^#F®rtT*?i3§y^£:frr&t§£-e& 

oTtJ:^. fc<t *.l£. G a NStK-tl::. A I BG a N 

/A I BGa Nfrz>tt&m.*#-wm& : £ ; 5-th7%&m $ 

l=. SlSgy^-irft-So GaN»*S±lc. A I G 



a Nfr£>ft£>P§gJi(!:. Ga I n N A^ftSaFJl^ 

^&s^#Ffcjl£#t^t£Ji£ff2J*L.Tt«fci*. CO 
n^. a^-#FJfi*ESS^<*£fty> »g«i*3i$iyg 

«hft<i>o £fc. G a NgtE±C:. A I 0. 35 G a 0. 53 I n 
0. MNA^^i&MWit. A I 0. 2G a0.8Nfrbft4# 
FJ1 £*t-£ST#F$££ltt;S14lf £^J* LT J: 

is c(Di§^, s^#Fm*3isgyM*.!:fty. mm® 

lilESS^ift*. 
[0 2 16] ±IS*»«|-CI*. #B:ftg<Dfi^# 

F«i££g<b&£¥#i*T't?t)£L-*:A<. 
ISt>-f. te<D3-5i§i¥I9«i;-*>. 2-6i5M£3H*lcJ:y 
^H<Da^F«ijiA<«fiE$H-&li^lct. *SIBJ?I* 
iIfflT-£-S„ fc<txl*. 0^^M«jg(DZ nO, *3<fc 
tf. ZnOCBe, Mg. Cd, Hg^PS, St, Te 

#F«jiT'&oT=feJ:t^o fe&lM*. KS^«5t<DA I 
GalnP. AIGalnAs. G a I'nNAs, G a 
I n As Pft£*fr£«f££;tx4»^#F1£;iT-feoT*, 

CO 2 1 7] ft*}.. ilSLfcSliS^ffifc^r/^+Lt,©^ 
fl-Nfl-CI*. #FH fc«}:t/P§MJi<Dd>ft < ifc-TjCD/O 

ifi] CD * *t l x n*m i=ft z> & => i=» j£ l. fc 

0) «f"«CM=*t L X *tffr <!: ft -5 cfc 5 ' l=»* L X t J: l\, fc ,m 
^.li. i6 6^J:I/EI6 7 \Z7F-r£otiL I nl— xG aX 
N fr£ ft -5 #F IB £ #f 4 *^-#F«lit £ JfefiE L r t, J: 
l^. a6 7$#fi§Lt, COTfiT^FfiligcOffla^StD 
/<> K4fW^B\ #F19 6 a(DS4i9 6 c A^+'O 

•5„ fLT, 4>'L"Sl59 6 df, »/h<i<!:ft-S)i:i:tlc % 
*.L"SB9 6 dA>C,e4as9 6 elClS^ANoT. -£<Dg^fc* 
-efS^ttlc/O K^f^-v^ltJlOLri^o ftfc\ #F 
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